We have detected 90 objects with periods and lightcurve structure similar to those of field S Scuti stars, using the Massive Compact Halo Object (MACHO) Project database of Galactic bulge photometry. If we assume similar extinction values for all candidates and absolute magnitudes similar to those of other field high-amplitude 6 Scuti stars (HADS), the majority of these objects lie in or near the Galactic bulge. At least two of these objects are likely foreground 6 Scuti stars, one of which may be an evolved nonradial pulsator, similar to other evolved, disk-population S Scuti stars. We have analyzed the light curves of these objects and find that they are similar to the light curves of field 6 Scuti stars and the S Scuti stars found by the Optical Gravitational Lens Experiment (OGLE). However, the amplitude distribution of these sources lies between those of low-and high-amplitude 6 Scuti stars, which suggests that they may be an intermediate population. We have found nine double-mode HADS with frequency ratios ranging from 0.75 to 0.79, four probable double-and multiple-mode objects, and another four objects with marginal detections of secondary modes. The low frequencies (5-14 cycles d-l) and the observed period ratios of -0.77 suggest that the majority of these objects are evolved stars pulsating in fundamental or first overtone radial modes.
Introduction
Pulsating stars have been used for several decades to probe the physical properties of stars, including their masses, luminosities, internal compositions, and structure. Many different types of pulsating stars exist over a broad range of masses, temperatures, and evolution states (for a concise list, see Becker 1998) .
Most lie off the main sequence, and thus can only be used to study the interiors of objects which have undergone substantial (and occasionally poorly understood) evolution. One exception to this is the class of near main-sequence pulsators known as S Scuti stars. The 6 Scuti stars are A-F stars on the Cepheid instability strip with masses ranging from 1.0 to 3.0 A!l@. They are dwarfs or subgiants which have not yet reached the red giant branch, and hence are at most only moderately evolved objects. Pulsation studies of these objects can therefore yield useful information about the internal properties of main sequence stars more massive than the Sun (Breger 1998 ).
The 6 Scuti stars are divided into several subclasses. One division is between stars with Population I and II abundances, namely the 6 Scuti (Pop I) and SX Phoenicis (Pop II) stars. The SX Phoenicis stars lie at the low end of the mass range of the 6 Scuti stars. Another major division is between the low-amplitude S Scuti stars (LADS) and high-amplitude S Scuti stars (WADS) (Rodriguez et al. 1996) . LADS are most often on or close to the main sequence, and frequently pulsate in nonradial modes. These stars often have very complex pulsation spectra, which can be used as a probe of their deep interior structure. HADS are most often radial pulsators and are more commonly found off the main sequence, near core hydrogen exhaustion and ignition of the H-burning shell.
In recent years, HADS have not received as much attention as LADS. The pulsations of HADS cannot be used to probe the stellar core, which is important for evolution studies. Furthermore, HADS typically pulsate in a few modes at most, which limits the precision of asteroseismology. However, HADS are now gaining more attention. First, they appear to have a period-luminosity relation making them useful secondary distance indicators (McNamara 1997 , Petersen & Hog 1998 . Second, their presence in nominally old stellar populations like the halo and globular clusters, and their identification as blue stragglers in many of these populations indicate they may not follow the standard stellar evolution scenario (cf. Sills, Bailyn, & Demarque 1995) . Finally, hydrodynamic simulations of 6 Scuti stars studying lightcurve structures as functions of envelope composition (Guzik 1992) and radial mode order (Bono et al. 1997 and McNamara 1999) show that radial pulsations can provide some structural and compositional information on the envelopes of these objects.
Large-scale photometry projects like MACHO (Alcock et al. 1997) and OGLE (Udalski et al. 1997, and references therein), and targeted observations of globular cluster interiors with HST (Gilliland et al. 1998) have uncovered hundreds of new 6 Scuti stars, the majority of which are HADS. With the substantial increase in the numbers of these objects, it is now possible to study their characteristics as a class. In this paper, we present a new sample of 6 Scuti stars found by the MACHO Project. In section 2, we discuss the sample selection and time-series analysis of these objects, and present our catalog. In section 3, we discuss the general results of the time series. In section 4, we discuss the details of the pulsation behavior, including lightcurve structure and the doubly-and multiply-periodic objects, with a brief discussion of the physical information that can be obtained from this data.
MACHO Data: sample and analysis
The MACHO Project goals and data acquisition have been described elsewhere at length (see Cook et al. 1995 and Alcock et al. 1997 ) and will only be briefly summarized here. The MACHO data are collected simultaneously in two filters (similar to Kron-Cousins V and R) on two focal planes with the , and 600 seconds, respectively. Photometry of all sources in the images is performed using SoDoPHOT (Alcock et al. 1999) , to a limiting magnitude of roughly 20. Light curves of individual point sources within each field are then compiled and are monitored for variations due to gravitational microlensing. Long-term monitoring of these fields has serendipitously yielded detections of many thousands of variable stars in addition to the detections of microlensing events.
Sample selection
To find 6 Scuti stars in the MACHO database, we searched the MACHO database of variable stars in the Galactic bulge. We limited our search to the bulge because 6 Scuti stars in the LMC and SMC are too faint to be reliably detected. 6 Scuti stars have absolute V-magnitudes of 1 to 2.5, so LMC and SMC S Scuti stars would have apparent magnitudes of roughly 20. This is too faint to detect variability with amplitudes of N 0.5 mag, like those of S Scuti stars. We selected objects showing variability on timescales of 0.3 to 0.03 days, as determined using "super-smoother" period-fitting programs (Reimann 1994 and Akerlof et al. 1994) . S Scuti stars can have periods in the range of 0.2 to 0.03 days (v = 5 -35 cycles d-l) or less (Breger 1979) . We note that the shortest-period 6 Scuti stars are usually fainter, main-sequence stars, and have the lowest amplitudes, making them difficult to detect in the MACHO database. Therefore, the sample presented here is biased against the high-frequency, low-amplitude pulsators, and we concentrate only on the high-amplitude 6 Scuti stars. In principle, we could also select objects with dereddened (V -R) of N 0.2 f 0.1, but reddening in the bulge fields is highly variable, and such a selection procedure would be ill defined. Our period-search criterion yielded a sample of 132 objects from the MACHO bulge fields.
Data calibration and analysis
Observations were made simultaneously in two broadband filters, similar to but wider than KronCousins V and R. We discarded data points if a detection was not made in both filters, because our classification of these objects depends on the behavior in the two different passbands. This resulted in the removal of approximately 10% of the observations per data set. After removal of non-coincident points, we transformed the instrumental magnitudes, wi and ri, to standard V and R magnitudes using the following (Alcock et al. 1999) . We note that our initial selection of candidates was done using the data and calibrations as of early 1997, and as a consequence, our results are slightly different from those of Minniti et al (1998) and Templeton et al (1998) . We discuss these differences in the next section. Prior to our time-series analysis, the observation times are also corrected to heliocentric Julian date.
After calibration and removal of bad points, the average data set contains N 450 measurements covering a span of N 2100 days between March 1993 and December 1998. The average photometric error per point of the data is 0.05 magnitudes, but there is substantial variation in data quality among our sample objects. At V N 13.5 the mean error is -0.02 mag, and increases to N 0.08 and higher at V N 18 and fainter. However, the majority of stars in our sample are brighter than V = 18, and only 2 sources are fainter than V = 19.
Time-series analysis
Time-series analysis was performed on the V and R data for each object. To compute the spectra, we used the method outlined in Templeton et al. (1997) , where we applied a discrete Fourier transform (DFT) to the data, selected the highest peak, prewhitened the data with the resulting sine wave, and repeated the process until no statistically significant signals remained. We note that while the data is highly undersampled in time (by a factor of 10 to 30 below the Nyquist rate), the DFT is still reliable in this case because the data is sampled quasi-randomly in lightcurve phase. This reduces the sidelobe ambiguity which normally results from undersampled data, though it does not eliminate it entirely, as we note below. We show a sample transform and phased light curve of a doubly-periodic star in Figure 1 . In our analysis, we do not take into account period changes or binary motion which could have an impact on a DFT analysis. Breger and Pamyatnykh (1998) have shown that 6 Scuti stars show period changes of one part in 10e6 at most and only one object in our sample (discussed in section 4.3) showed evidence of signal modulation due to binarity.
The frequency precision is determined from the following formula
where &v is the frequency error in cycles d-l, UN is the mean scatter of the data in magnitudes after prewhitening, N is the number of data points, tN -to is the total length of the data set in days, and A is the amplitude of the observed pulsation mode. The uncertainty in the phase is determined using the relation where S4 is the phase error in radians, and P is the peak power normalized by the mean power level (see Templeton et al. 1997 and references therein) . A signal is considered real if P > 10 in either filter, and the signal is clearly visible in the other filter. Frequency errors 6v for the highest-amplitude modes average N 0.00005 cycles d-l even with the relatively low S/N. This is because the error term is dominated by l/(t~ -to), where tN -to N 2100 days. The average phase error S$ is N 0.1. In no case is P greater than N 280, so S$ is never smaller than N 0.04 radians.
All of our 132 objects showed a 1 cycle day-' aliasing in their Fourier transforms due to the data sampling. This aliasing caused some uncertainty in determining the correct frequency for N 15% of the sample. For the majority of these stars, the main frequency was easily identifiable and prewhitening eliminated that period and it's aliases. In some cases, prewhitening did not completely remove the signal or it's aliases, and these frequency identifications might be uncertain by fl cycle day-'. Fortunately, several of these objects had non-sinusoidal lightcurves and the first Fourier harmonic was used to determine the correct primary pulsation mode. Secondary pulsation modes were not used to select the correct sidelobe, since both frequencies could be off by 1 cycle day-l and still yield a reasonable period ratio.
To determine which stars among the 132 candidates are S Scuti stars, we visually inspected the light curves and measured the ratio of R-and V-band amplitudes. Visual inspection allowed us to clearly distinguish the majority of objects as either 6 Scuti stars or W Ursa Majoris contact binaries, because the light curves of each type are usually quite distinctive, and few other types of variable star exist with these short periods (see Sterken & Jaschek 1996) . For those sources with noisy, poorly-sampled, or ambiguous light curves, we also used the ratio of R-and V-band amplitudes. For 6 Scuti stars, this ratio is less than one, because the effective temperature can change by several hundred Kelvin over the pulsation cycle (Solano & Fernley 1997) , while for W Ursa Majoris stars, it is close to one because the two components have nearly equal temperatures. This quantity is also useful because it is a reddening-free parameter, since the amplitudes are not affected by reddening. Using this ratio, we find a mean AR/A" N 0.78 for the 6 Scuti stars, and AR/Av N 0.93 for the W Ursa Majoris stars, with a division between the two classes at N 0.85.
This value is slightly different from the AR/Av N 0.8 used in Minniti et al. (1998) , which is primarily due to the coupling of the two filters in the different calibrations.
Based on the above analyses, 90 6 Scuti stars were identified in the original sample of 132 candidates.
We present the list of 6 Scuti stars and their pulsation properties in Table 1 . Detailed ephemerides including frequencies, amplitudes and phases for each 6 Scuti star are given in Table 2. 3. Observational properties and period-amplitude distribution
The majority of objects in the MACHO sample of Galactic bulge 6 Scuti stars have pulsation behavior similar to field HADS. Seventy of the 90 6 Scuti stars in the bulge fields have V-amplitudes higher than 0.1 mag, and none are below 0.04 mag. Even our lowest-amplitude objects have amplitudes which are still higher than those of field LADS. The lack of extremely low amplitude (l-10 millimag) objects is most likely due to the S/N of the MACHO photometry. The discrete Fourier transform can detect signals at the 0.3g-level with a 99% confidence level (cf Mullan, Herr, Bhattacharyya 1992) . The mean photometric error per point of the MACHO data is of order 0.05 magnitudes, so ideally, stars with amplitudes in the 0.015-0.02 magnitude range could be detectable in the MACHO database. However, we only found one object with very low amplitude pulsations, and it appears to be a foreground object. Ultimately, the severe temporal undersampling and low S/N relative to the pulsation amplitudes make objects like field LADS difficult to detect in the bulge. Therefore, we cannot make any conclusions on the existence of LADS in the Galactic bulge at the present time. Figure 2 compares the amplitude distribution of the MACHO S Scuti stars to the Rodriguez et al. (1994) sample of known field 6 Scuti stars. The vast majority of known field 6 Scuti stars have amplitudes less than 0.05 magnitudes, so the MACHO 6 Scuti stars are more like the field HADS. However, we note that the amplitude distribution of the MACHO 6 Scuti stars lies between that of the field HADS (centered at N 0.28 mag) and LADS (< 0.1 mag). We speculate that the MACHO stars may be a distinct population that is physically different from both the field HADS (of which many are SX Phoenicis variables) and field LADS.
Another clue to the physical properties of these sources is the distribution of their amplitudes versus apparent magnitude. Figure 3 shows the distribution of V-amplitudes versus apparent V magnitudes.
Objects with amplitudes less than 0.1 mag appear to be smoothly distributed in apparent magnitude, indicating they may be a mix of foreground disk objects and bulge stars, but the lack of any objects with amplitudes significantly higher than 0.1 and brighter than V N 16.5 is striking. We suggest that most if not all of the stars with V > 16 are within the Galactic bulge.
There is some evidence the MACHO objects may not have formed as normal, isolated stars. The MACHO color-magnitude diagram of Baade's window overlaid with the MACHO 6 Scuti stars is shown in Figure 4 . The S Scuti stars are slightly blueward and more luminous than the main-sequence turn-off for the majority of bulge stars. This suggests that these objects may be like the blue stragglers observed in other cluster populations, and might provide an answer as to why these early-type stars are found in a nominally old stellar population. Observations of S Scuti blue stragglers in globular clusters (cf. Gilliland et al. 1998) suggest that 6 Scuti stars are present even in very old stellar populations, and that they may form due to stellar collisions or mass transfer in binary systems. There is even some evidence of field 6 Scuti stars undergoing similar processes, for example the multiply-periodic LADS 0 Tucanae (DeMey, Daems, & Sterken 1998, and Templeton, Bradley, & Guzik 1999) . However, some studies of stellar populations in the Galactic bulge (cf. Holtzman et al. 1998 , Ng et al. 1996 , and Holtzman et al. 1993 indicate the presence of multiple populations of stars, some of which may have formed within the past l-2 Gyr. Therefore, a definitive statement on the age and properties of these objects cannot be made based solely on their location on the color-magnitude diagram. We will discuss pulsational indicators of the physical properties of individual objects briefly in the next section, but we leave a detailed theoretical analysis of their properties for a later paper.
Pulsation behavior
In this section, the pulsation behavior of the MACHO 6 Scuti stars is discussed. Section 4.1 discusses the observed light curve structures of these objects, section 4.2 describes the confirmed doubly-and multiply-periodic stars, section 4.3 describes the suspected doubly-and multiply-periodic stars, and section 4.4 summarizes the pulsational behavior and discusses stellar characteristics that can be derived from this study. A21 ranged from 0.1 to 0.5 in V-band for these sources. A 21 is not correlated with period (see Figures   5a and 5b), but it is correlated with the pulsation amplitude Al (see Figure 6 ). The higher amplitude objects have higher Aal values. This is most likely a property of the stars rather than an observational selection effect; if our ability to detect Azl were limited by the S/N this would more severely impact the low-amplitude pulsators. Since we find low-A 21 objects among the low-amplitude pulsators, this cannot be an observational bias. Therefore, the high-amplitude pulsators apparently cannot be sinusoidal. One possible explanation for this is that as the star is driven to higher amplitudes (and hence higher radial velocity variations), shocks in the envelope may perturb the lightcurve at specific stages of the pulsation cycle. A modeling program using hydrodynamic simulations to study the high amplitude behavior of these stars is in preparation (Templeton 1999) .
Unlike the amplitude ratios, the phase differences are nearly constant for the Fourier series, and show no correlation with either period or amplitude. In V-band, the phase differences ( Figure 5 ) show only moderate scatter (f0.5 -1 radian) around a constant value. This result is quite different from that seen for Cepheids (Simon & Lee 1981) , and might be related to the narrower range of periods and physical sizes seen in 6 Scuti stars. The average phase differences and scatter for the MACHO sample are nearly identical to those of Morgan, Simet, & Bargenquast (1998) in their study of the OGLE S Scuti/SX Phoenicis stars.
However, a significant difference exists between MACHO and OGLE stars for the parameter 431. Unlike the OGLE sample, no MACHO stars have $31 -4. Morgan, Simet, and Bargenquast (1998) 
Confirmed double-and multiple-mode pulsators
At least 10 and as many as 18 S Scuti stars in our sample pulsate in two or more modes. The ten objects listed in Table 4a Lo, this star cannot be further than N 3.5 kpc, and is thus not a member of the bulge population. This star is pulsating in four simultaneous modes with frequencies of 5. 61, 5.47, 6.93, and 6.86 cycles d-l, indicating that it is a nonradial pulsator. These four frequencies were detected both with the shorter 1993-1996 data set and with the longer 1993-1998 data set. Therefore, we are confident that all of these frequencies are real. This star may be useful for asteroseismology, since it appears at least two of these modes are nonradial ones, and nonradial pulsations propagate deeper into the star than do radial pulsations. However, a precise asteroseismological analysis is difficult with few pulsation modes, so additional, high-precision photometry is needed for a secure model fit. We also note that the low frequencies of these modes probably indicate this is an evolved star, and core degeneracy will make seismology difficult as with S Scuti itself (Templeton et al. 1997 Double-mode, radially pulsating S Scuti stars have frequency ratios not much less than 0.77 for fundamental and first overtone pulsation, with higher n/(n + 1) combinations having higher ratios. We analyzed both the 1993-1996 and 1993-1998 data sets for both of these objects and detected the same frequencies in both cases. Therefore, we believe the modes are real and the stated frequencies are correct. There are three possible explanations for these frequencies. First, the objects could be misidentified RR Lyrae pulsators.
We consider this to be very unlikely given the high pulsation frequencies relative to those of most RR Lyrae stars. Second, one or both of the observed modes in these stars could be nonradial. This is also unlikely, because if the modes were nonradial, we would not expect to see similar frequency ratios in two different stars. Finally, the stars could be highly evolved and metal rich. Petersen & Christensen-Dalsgaard (1996) and Templeton (1999) computed fundamental-to-first overtone frequency ratios for stars of different abundances, and found a progression toward lower ratios in stars with higher metal abundances and older ages. A star with Z 2 0.02 could have a fundamental frequency and frequency ratio in this range, if it were very old and cool (< 6800 K).
42.5'. MACHO 114.19840.890, 114.19969.980, 119.19574.1169, 128.21542.753, and 162.253&874 These five objects are all double-mode 6 Scuti stars, with frequency ratios ranging from 0.7708 to 0.7742, indicating that they are pulsating in the fundamental and first overtone radial modes. Their mean V-magnitudes range from 17.79 to 18.60, placing them within the Galactic bulge. Their vo frequencies range from 7.964 to 9.683 cycles d-l, which is also reasonable for fundamental mode 6 Scuti stars. The spread in frequency and in period ratio indicates that these five do not form a homogeneous group of objects, and that they must have different ages and masses or both. Overall, their frequencies suggest that they are not close to the red edge of the instability strip, but the fact that they are pulsating in fundamental mode indicates that they must be evolved.
We note that MACHO 128.21542.753 has a first overtone mode which is stronger than the fundamental.
This may indicate it is further from the red edge than the others. Therefore, caution must be used when applying a period-luminosity relation to these objects. For example, the period-luminosity relation given in Petersen & Hog (1998) would yield a 0.4 magnitude difference in absolute magnitude depending on the frequency used. Therefore, a clear mode identification should be made before applying a period-luminosity relation to these objects. and first overtone pulsation, so it is either second and first overtone pulsation, or one or both modes is nonradial. The ratio of 0.7830 for MACHO 121.22427.551 is reasonable for a less-evolved fundamental and first overtone pulsator ( Petersen & Christensen-Dalsgaard 1996) . If both of these objects are radial pulsators, then they must be younger than the bulk of the other double-mode S Scuti stars in the MACHO sample, which again indicates the heterogeneity of the MACHO S Scuti stars.
Possible double-and multiple-mode candidates
The remaining eight candidates in Table 4b have marginally detected frequencies or peculiar pulsation spectra. Of these eight stars, three appear to be double mode, radial pulsators, but the secondary pulsation modes are near the detection limit and may not be real signals. is uncommon in S Scuti stars, but could be explained by rotational splitting. If this mode is nonradial, then the true frequency may be split into a multiplet by the rotation of the star, according to the formula 6v = fm .
(1 -Cek) * fl (5) where Sv is the frequency split, (L, f?, m) are the spherical harmonic indices of the mode, C is the splitting constant, and s1 is the rotation speed of the star (Unno et al. 1989 ). Since only three modes are visible, it would be impossible to fit a theoretical model to these modes, so none of these parameters can be determined without additional data. These modes may also be of two different L-values with close frequencies, and one mode may be excited by the other. Again, a clear determination of this cannot be made without additional modes present. However, the close spacing of the pulsation modes indicates non-radial pulsation modes, making this star an interesting candidate for follow-up observations. 'JaAaMOH 'cre$s yt3S p BulyesInd LIIwpw v ~03 pa%Dadxa aq pInoM $V~M uay$ JaMoI yDnrrr sy sy;c y)z~~'o 30 oyw dauanbaJ3 MoI llJaA 8 ssy y 9nq 'keys aporzr aIqnop B aq 0% weaddv gL6'98L~yozT ()H~VH uo+w$uo3 aqolapzs yq!rn aJvpyuv3 apozu-aiqnoa .g.g*f ui BuyJmDao aq kern uouaruouayd awes ay;C .auoyano puoaas (pa)aa$apun) ayl bq uoye%Pxa ~usuosa~ bq pasnw sapour Iwpw-uou aq &w way3 30 yqoq JO au0 pue ' ,&I SaI3d3 L9'8 PUS 11.8 T'S SapOUI OM$ St?lj .I?ZTS $y;c '(~66~ *Iv $a uo$aIdwa;C) I')nas g 'srep ay? 30 adb$oqold aq$ uy uaas asp s! lopw!yaq s!y;c *~LL*$L~sz'zg~ "03 (ZHd F6'0) r-P sa@D 80'0 P" 61P'9186T'6TT Jo3 (ZHd 99'0) r-P SaIDb:, !XO'O s! "9 !Ipms ~Ia~a.wa field counterparts. The lack of a trend of phase difference with frequency in the MACHO and OGLE bulge 6 Scuti stars is curious when compared to field HADS. As we mentioned in section 4.1, the field HADS studied by Antonello et al. (1986) have average light amplitudes higher by a factor of two than the MACHO stars. Our sample is also slightly different because it lacks stars with very low frequencies (4 -5 cycles d-l) or high frequencies (15 -20 cycles d-i). A possible explanation for this is that the narrower range of periods of our sample masks the trends in amplitudes and phase differences seen in field HADS. We consider this likely because the trend in the field HADS is rather small -only 1.2 radians over the range of 4 to 20 cycles d-l, and our phase errors range from 0.04 to 0.2 radians per star. However, the lack of any significant trend in $21 is interesting, and may indicate real physical differences between the field and bulge 6 Scuti stars.
We also briefly address the location of these objects in the instability strip. As mentioned above, the frequency ratios near 0.77 indicate fundamental-first overtone pulsation, and since the pulsation frequencies of the double-mode stars are not significantly different from the other stars in our sample, we suspect that the MACHO S Scuti stars are primarily fundamental or low-overtone (first or second) pulsators.
One of the goals of this project is to assess whether we can use light curve structzlre as an indicator of overtone. As mentioned in the introduction, Bono et al. (1997) and Templeton, Guzik, & McNamara (1999) have used theoretical models to suggest that overtone pulsators have more non-sinusoidal lightcurves than do fundamental pulsators. The fact that we see a broad range of Azl and no trend of A21 with period, coupled with the presence of fundamental-first overtone pulsators with median AZ1 values argues against this. Possible reasons for the contradictory results may be the impact of convection in the stellar envelope, a non-standard evolution history, or peculiar envelope abundances. More work along these lines is clearly warranted and is currently underway (Templeton 1999) . In particular, non-standard evolution and composition differences compared to field HADS may be important because these objects are most likely blue stragglers as mentioned in section 3. Several hydrodynamic calculations of stellar collisions have been made in recent years. The results of Sills, Bailyn, & Demarque (1995) and Rasio (1996) show that blue stragglers must be fully mixed by some process during or after the collision of the progenitor stars. If blue stragglers form in this manner, it would have a very large impact on their pulsation behavior because the envelope helium abundance would be greatly enhanced, impacting both the structure and the pulsational driving. More theoretical pulsation simulations are currently being performed (Templeton 1999 ) to help answer these questions.
Conclusions
We have detected 90 new 6 Scuti stars in the direction of the Galactic bulge using MACHO Project photometry. The majority of these objects appear to be monoperiodic pulsators while at least ten and as many as eighteen are doubly-or multiply-periodic objects. The confirmed doubly-periodic objects appear to be fundamental-first overtone pulsators, though two of these objects have anomalous frequency ratios suggesting high metal abundances. All of the 90 objects are HADS, and the majority of these stars appear to be located in the bulge itself. Their overall behavior is very similar to field HADS and to the delta Scuti stars found by the OGLE Project, but they appear to occupy an intermediate amplitude range, between the bulk of the field LADS and the peak of the field HADS. Based on observed periods and the frequency ratios of double-mode objects, these stars are most likely pulsating in fundamental or low-overtone radial modes, information, it is difficult to determine extinction values for these objects, but the bulk of the high amplitude stars are clustered around V -17.5, consistent with bulge membership. The lack of bright high-amplitude objects argues for high-amplitude objects only in the bulge, and lower amplitude objects being a mix of bulge and foreground disk stars. and R-band (b). The large scatter in A21 as a function of period argues against this parameter being an indicator of overtone. The near-constancy of phase differences indicates that the envelope structure and pulsation behavior of these objects are similar. 
